Atomic masses of the neutron-rich isotopes [121][122][123][124][125][126][127][128] 129,131 In, 130−135 Sn, 131−136 Sb, and 132−140 Te have been measured with high precision (10 ppb) using the Penning trap mass spectrometer JYFLTRAP. Among these, the masses of four r-process nuclei 135 Sn, 136 Sb, and 139,140 Te were measured for the first time. An empirical neutron pairing gap expressed as the odd-even staggering of isotopic masses shows a strong quenching across N=82 for Sn, with the Z-dependence that is unexplainable by the current theoretical models.
Sn nucleus has been probed intensively by nuclear spectroscopy over the last two decades. It has been found to exhibit features of exceptional purity for its single particle structure [1, 2] . This provides an ideal starting point for exploring detailed evolution of nuclear structure of more neutron-rich nuclei beyond the N=82 closed shell in the vicinity of Sn. Only a few experimental and theoretical attempts along these lines have been performed recently. No experimental data exist for excited states or masses for nuclides below Sn with N > 82. The experimental situation is slightly better for Z > 50 isotopes of Sb and Te because of their easier access.
Recent data on the B(E2) transition strengths for
132
Te,
134
Te and
136
Te isotopes [3] and their interpretation using a quadrupole-plus-pairing Hamiltonian and Quasiparticle Random Phase Approximation (QRPA) [4] suggested the need for reduced neutron pairing to explain the observed anomalous asymmetry in the B(E2) values across the N =82 neutron shell. This behaviour was not observed in standard shell model calculations [3] . Another shell model calculation of the binding energies of heavy Sn isotopes with A > 133 [5] suggested the importance of pairing correlations and the strength of the pairing interaction in general for weakly bound nuclei. Therefore, it would be necessary to probe the evolution of odd-even staggering of masses [6] around the N =82 neutron shell to learn about the magnitude of pairing and its variation as a function of Z and N beyond 132 Sn. High precision of present-day ion-trap mass spectrometry combined with high sensitivity [7] can provide the needed information on mass differences such as one-and two-nucleon separation energies, shell gaps and empirical pairing energies. For example, the masses of neutronrich Sn and Xe isotopes were recently measured up to
134

Sn and
146
Xe with a Penning trap mass spectrometer ISOLTRAP at the CERN ISOLDE facility [8, 9] . In this Letter we wish to present new data of high-precision mass measurements of neutron-rich Cd, In, Sn, Sb, and Te isotopes across the N =82 neutron shell by using the JYFLTRAP Penning trap. These nuclides are also of interest for nuclear astrophysics models of element synthesis, in particular, to explain the large r-process abundance peak at A=130 [10] , see Fig. 1 . In more general context, a vast body of nuclear data on neutron-rich isotopes is needed for r-process nucleosynthesis predictions. Such data include masses, single particle spectra, pairing characteristics as well as decay properties and reaction rates. In all of these the binding energies or masses of ground, isomeric and excited states play key roles [10] . The measurements were performed using the JYFLTRAP Penning trap mass spectrometer [11] which is connected to the Ion Guide Isotope Separator On-Line (IGISOL) mass separator [12] . The ions of interest were produced in proton-induced fission reactions by bombarding a natural uranium target with a proton beam of 25 MeV energy. A thorium target was used in the case of
129
In and isotopes of Sb. Fission products stopped in a helium-filled gas cell at a pressure of about 200 mbar as singly-charged ions were transported out of the gas cell, accelerated to 30 keV energy, and mass separated. A gas-filled radio frequency quadrupole cooler and buncher prepared the ions for the Penning trap setup.
In a Penning trap an ion has three different eigenmotions: axial motion (ν z ) and two radial motions, magnetron (ν − ) and modified cyclotron (ν + ) motion. The frequencies of the radial motions sum in first order to the cyclotron frequency ν c = 1 2π q m B. Here q and m are the charge and mass of the ion, and B is the magnetic field.
JYFLTRAP consists of two cylindrical Penning traps, the purification and precision trap, which are located inside a 7-T superconducting magnet. Both traps were used to purify the samples, first with the sideband cooling technique [13] for isobaric separation and then, if prompted by the presence of isomers or other contaminants, with the Ramsey cleaning technique [14] . After a cleaned sample was trapped in the precision trap, the time-of-flight ion-cyclotron resonance (TOF-ICR) technique [15] was applied in order to determine the resonance frequency. The Ramsey method of separated oscillatory fields [16] , which makes the sidebands more pronounced and narrower, was used in the majority of measurements. The experimental setup and the measurement technique are described in more detail in Ref. [17] .
A sample resonance is shown in Fig. 2 . When the cyclotron frequencies of an unknown species (m meas ) and a well-known reference ion (m ref ) are known, and both are singly charged ions, the atomic mass can be determined:
where m e is the mass of the electron. The data analysis procedure was almost identical compared to [18] . In this work, the systematic uncertainties due to the magnetic field fluctuations were minimised by applying so-called interleaved frequency scanning described in Ref. [19] . The results are given in Table I . Excitation times between 100 ms and 800 ms were used depending on the half-life of the isotope. In the case of Ramsey excitations, excitation patterns with two 25 ms pulses separated by a waiting time, were used. Table I lists only the masses of the ground states which are relevant for the further discussion of the results. A paper containing the isomeric data will be submitted separately. The new data agrees with the earlier ion-trap measurements and presents significant improvement in accuracy for all Sn, Sb and Te isotopes beyond N=82. [20] [21] [22] . Results from other direct mass measurements are from ISOLTRAP [8, 23, 24] or an experimental storage ring (ESR) at the fragment separator (FRS) [25] . Otherwise, the value from Atomic Mass Evaluation 2003 (AME2003) [20] The high precision of Penning-trap mass measurements enables for the first time a critical evaluation of odd-even staggering of binding energies and related empirical pairing gaps across the N =82 shell gap. The most simple example is the three-point odd-even-mass-staggering formula [6] 
where N is the number of nucleons (neutrons or protons) and E the binding energy. The ∆ (3) staggering mostly depends on the intensity of pairing correlations in nuclei, but, as we discuss below, it is also affected by the polarisation effects. Figure 3 shows the experimental neutron ∆ (3) staggering for Sn, Te, and Xe isotopes crossing the N =82 shell closure. The difference between the values at N=81 and 83 shows a large asymmetry for Sn but a much smaller one for Te and Xe. This indicates a considerably stronger quenching in pairing gap for Sn than for Te and Xe suggesting the importance of core polarisation effects. A similar asymmetry observed for B(E2) values of n-rich Te isotopes was also traced to reduced neutron pairing above the N=82 shell closure [4] .
In order to probe this question theoretically, we performed self-consistent calculations of varying complexity, by using the Sly4 [26] energy density functional and contact pairing force. To make a meaningful comparison, in each variant of the calculation, the pairing strength (equal for neutrons and protons) was adjusted so as to give the average pairing gap in 120 Sn equal to 1.245 MeV. The pairing channel was described within the HartreeFock-Bogoliubov (HFB) approximation and the blocking and filling approximations [27, 28] were used to treat odd nuclei. First, to provide a baseline for further analyses, in Fig. 4 we show the neutron ∆ (3) staggering calculated within the spherical approximation [29] . Such an approximation allows us to look at pure effects of pairing correlations, whereby the binding energies of odd isotopes are decreased due to one pair being broken. Otherwise, in this approximation, effects due to deformation polarisations exerted by valence particles are completely switched off. From Fig. 4b we see that for the volume (vol) or mixed (mix) pairing forces [30] , the experimental decrease of ∆ (3) when crossing the N =82 gap in Sn is very well reproduced, whereas the data exclude the pure surface pairing force. Such pairing decrease is due to a lower level density above the N=82 gap [4] (the surface pairing force is unable to discriminate between the two surface-type orbitals νh 11/2 and νf 7/2 located below and above the N =82 shell gap, respectively). Spherical calculations miss the experimental values in Te and Xe isotopes (Fig. 4a) , which indicates that the polarisation effects must here be taken into account explicitly.
To better illustrate the trends in Z > 50 nuclei, in Fig. 5 we show the experimental neutron ∆ (3) staggering in Sn, Te, and Xe isotopes along the N =81 and 83 lines, compared with theoretical results. In experiment (Fig. 5a) , the difference between the N =81 and 83 isotones smoothly decreases from about 0.5 MeV in Sn to almost zero in Xe, whereas spherical results (discussed above and repeated in Fig. 5b ) show no such a decrease at all.
To analyse the effects of polarisations induced by deformation, we have performed two additional HFB calculations. First, by using the code HFODD (v2.51i) [31] , we allowed valence particles or holes to induce selfconsistently deformed shapes. Then, the even isotones, N = 80, 82, and 84, turn out to be spherical anyhow, namely, neither the closed-core N = 82 systems become deformed, nor the paired two neutron particles or holes induce non-zero deformations. Only the polarisation ef- fects exerted by unpaired odd neutron particles or holes are strong enough to induces non-zero deformations in the odd isotones, N=81 and 83. In this way, the odd-particle polarisations lead to lower values of the ∆ (3) staggering solely through increased binding energies of odd isotones. Since such polarisation increases with adding protons, the obtained values of ∆ (3) decrease with Z, as illustrated in Fig. 5c . However, this trend does not depend on whether deformation is induced by odd particles or holes; therefore, on both sides of the N=82 shell gap we obtain identical decrease with Z, at variance with experiment.
To test if the above results may be affected by the particle-number non-conservation, inherent to the HFB theory, we have repeated all calculations by using the HFBTHO code [32, 33] . Here, within the LipkinNogami method, we were able to include the approximate particle-number projection after variation. Moreover, the obtained solutions were next exactly projected on good particle numbers. Such a projected Lipkin-Nogami (PLN) method was extensively tested [33] and proved to be very efficient in describing pairing correlations in near-closed-shell systems.
The obtained results are shown in Fig. 5d . We see that the general pattern is not qualitatively changed. The dynamic pairing correlations, which are now nonzero even in the N =82 isotones, lead to larger values of the ∆ (3) staggering, which in the N=81 isotones perfectly well reproduce the experimental trend. However, in the N=83 isotones, the disagreement with data remains a puzzle. Indeed, the asymmetry of the trend of the staggering, measured below and above the N=82 gap, points to specific effects related to orbitals occupied beyond N=82 or to the their weak binding, which are not captured by the current state-of-the-art theoretical approaches.
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